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® An improved thin-fiim EL element that exhibits 
electroluminescence in response to the application 
of an electric field, that maintains high brightness 
over a long period, and that exhibits improved 
brightness in blue display. A light-emitting layer (4) 
is made of a sulfide of an alkaline earth metal as the 
base material, and insulating layers (3) and (5) in 
contact with the light-emitting layer (4) are made of a 
sulfate or a carbonate of an alkaline earth metal. 
Further, the light-emitting layer (4) contains Ce as 
luminescence center in the base material of SrS and 
is doped with Pb as a coactivator. 
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FIG. I 



Rank Xerox (UK) Business Services 



1 



EP 0 555 470 A1 



2 



Technical Field 

.\ 

The present invention relates to a modification 
of a thin filnn EL device for performing an EL 
emission according to an electric field being ap- 
plied, in particular, to a thin film EL device for 
providing a stable luminance for a long time and 
for improving the luminance of a blue color display. 

Related Art 

So far, various studies have been conducted 
for multi-color thin film EL devices. As basic ma- 
terials for light emission layers, strontium sulfide 
(SrS) and calcium sulfide (CaS), which are sulfides 
of alkaline earth metals, are used. To cause such 
thin film EL devices to stably emit visible light, a 
suitable interface should be formed between a light 
emission layer and insulation layers which sand- 
wich the light emission layer. To do that, a device 
having insulation layers composed of a nitride such 
as SisN*. AIN, or BN has been proposed as dis- 
closed in for example Japanese Patent Laid-open 
Publication Serial No. SHO 62-5596. 

However, even if the above-mentioned thin film 
EL device which has insulation layers composed of 
a nitride is used, SrS or CaS as the basic material 
of the light emission layer is reacted with moisture, 
CO2. and so forth contained in air. Thus, an oxide 
(such as SrO and CaO) or a carbonate (such as 
SrCOa and CaCOa) partially takes place, which 
results in aged deterioration of the light emission 
layer of the device. Thus, the luminance of the EL 
device diminishes in a short time. 

In addition, as a light emission layer for a 
conventional blue color display thin film EL device, 
SrS:Ce or ZnSiTmFa has been used. 

However, although the light emission layer 
which is composed of SrS:Ce has the highest lu- 
minance in blue color display thin film EL devices, 
when a sine wave of 5 kHz is applied to the light 
emission layer, the luminance thereof is at most 
1000 cd/m^. When this device is used for a dot 
matrix display which is driven at 60 Hz, luminance 
of 20 to 30 cd/m^ is required. Nevertheless, the 
maximum luminance of the device which is com- 
posed of SrSrCe is at most 10 cd/m^, which is 1/2 
to 1/3 times that of the required luminance. 

The present invention is made from the above- 
mentioned point of view. An object of the present 
invention is to provide a thin film EL device for 
continuously furnishing stable luminance for a long 
time and for enhancing the luminance of blue color 
display at least two to three times that of the 
conventional devices. 



Disclosure of the Invention 



The present invention is a thin film EL device, 
comprising 

5 a pair of opposed electrodes and a laminate 

composed of a light emission layer and an insula- 
tion layer, wherein the light emission layer is com- 
posed of a sulfide of an alkaline earth metat as a 
basic material, and wherein at least the insulation 

70 layer disposed adjacent to the light emission layer 
is either the sulfide or a carbonate of the alkaline 
earth metal. 

Between the insulation layer and the elec- 
trodes, another insulation layer composed of 

76 Ta2 05, SiON, or SiN:H may be disposed. 

The light emission layer is composed of Ce as 
a basic material and Pb of 1 at % or less as a 
coactivator being doped. 

According to the above-mentioned construc- 

20 tion, since insulation layers are composed of a 
sulfate or a carbonate of an alkaline earth metal, 
which is a stable compound, they are not adversely 
affected by moisture, CO2, and so forth contained 
in air. In addition, since the insulation layers con- 

25 tain the same element as the light emission layer 
whose basic material is a sulfide of an alkaline 
earth metal, a suitable interface can be formed, 
thereby preventing aged deterioration of the light 
emission layer, 

30 Moreover, according to the present invention, 

Ce as a light emission substance is used and Pb of 
1 at % (atomic %) as a coactivator is added 
thereto along with SrS as the basic material, there- 
by SrSrCe, Pb is formed. Thus, besides the con- 

35 venttonal excitation of Ce, there is another excita- 
tion due to an energy transmission from excited Pb 
to Ce. Therefore, the probability of excitation of the 
present invention is higher than that of the conven- 
tional SrS:Ce. In addition, since the light emission 

40 band of Pb is close to the light absorption band of 
Ce, energy is effectively transmitted from Pb to Ce. 
Thus, the luminance of the present invention is 
higher than that of the conventional devices which 
are composed of SrS:Ce. 

45 

Brief Description of Drawings 

Fig. 1 is a schematic diagram showing the con- 
struction of a thin film EL device according to a 

50 first embodiment of the present invention; 

Fig. 2 is a schematic diagram showing the con- 
struction of a thin film EL device according to a 
second embodiment of the present invention; 
Fig. 3 is a graph showing a characteristic of 

65 luminance vs. added amount of Pb to a sine 
wave at 1 kHz of a blue color display thin film 
EL device according to a third embodiment of 
the present invention; and 
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Fig. 4 is a graph showing comparison between 
the third embodiment and a conventional blue 
color display device tor a characteristic of lu- 
minance vs. voltage lo a sine wave at 1 kHz. 

Best Modes for Carrying out the Invention 



With reference to the accompanying drawings, 
preferred embodiments of thin film EL devices ac- 
cording to the present invention are described. 

Fig. 1 is a schematic diagram showing a thin 
film EL device according to a first embodiment. 
Over a glass substrate 1 , a transparent electrode 2 
composed of such as InsOs or SnOa is formed. 
Over the transparent electrode 2. a first insulation 
layer 3 is laminated by for example sputtering 
method. The first insulation layer 3 is composed of 
such as SrSO* or SrCOa, which is a sulfide or a 
carbonate of an alkaline earth metal. Over the first 
insulation layer 3, a light emission layer 4 is formed 
by for example vacuum evaporation method. The 
light emission layer 4 is composed of SrS as a 
basic material and Ce and CI as light emission 
substances. Thus, the light emission layer 4 is 
composed of SrS:Co. CI. Over the light emission 
layer 4, a second insulation layer 5 and a metal 
electrode 6 are formed in succession. The second 
insulation layer 5 is composed of for example 
SrS04 or SrCOa. SrSO* is the same compound 
contained in the first insulation layer 3. 

Fig. 2 is a schematic diagram showing the 
construction of a thin film EL device according to a 
second embodiment of the present invention. In 
this embodiment, over a glass substrate 1, a trans- 
parent electrode 2 is formed. The transparent elec- 
trode 2 is composed of for example in2 03 or Sn02. 
Between the transparent electrode 2 and a first 
insulation layer 3, an insulation layer 3a is formed. 
In addition, between a second insulation layer 5 
and a metal electrode 6, an insulation layer 5a is 
formed. The insulation layers 3a and 5a are com- 
posed of for example Ta2 05, SiON. or SiH:H. Thus, 
in the second embodiment, a plurality of insulation 
layers are formed. 

In each of the above-mentioned embodiments, 
the light emission layer which is composed of a 
sulfide of an alkaline earth metal as a basic ma- 
terial is sandwiched with the insulation layers com- 
posed of a sulfide or a carbonate of an alkaline 
earth metal. In these embodiments, as the light 
emission substance of the light emission layer, Ce 
and CI were used. However, it should be noted that 
the present invention is not limited to such com- 
position. Rather, other additives can be selectively 
used according to light emission colors. 

As described above, since the above-men- 
tioned stable compound, is used for the insulation 
layers, it is not affected by moisture, CO2, and so 



forth contained in air. Thus, the device can be 
prevented from aged deterioration. In addition, 
since the insulation layers contains the same ele- 
ment as the light emission layer, a suitable inter- 
5 face can be formed. Thus, the light emission layer 
can furnish stable luminance for a long time. 

Next, a third embodiment according to the 
present invention is described. In this embodiment. 
SrS is used as a light emission basic material of a 

70 thin film EL device. As a light emission substance, 
Ce is used. In addition, as a coactivator, Pb is 
used. In this embodiment, five types of blue color 
display thin film EL devices were produced. In this 
embodiment, the added amount of Pb was 

75 changed, whereas Ce was fixed to 0.1 at %. As the 
added amounts of Pb (at %), 0.1, 0.2, 0.3, 0.4, and 
1 .7 were selected. In this embodiment, a sine wave 
of 1 kHz was applied to these devices and the 
luminance of these devices were measured. In 

20 addition, the luminance of the conventional blue 
color display thin film EL device composed of SrS 
as a light emission basic material and Ce of 0.1 at 
% as a light emission substrate was measured. Fig. 
3 shows the comparison results of these devices. 

25 Thus, in comparison with the conventional device 
(namely. Pb = 0 at %), as the added amount of Pb 
increases, the luminance strengthens. In the case 
of Pb = 0.3 at %, at L30 where the drive voltage 
rises by 30 V from light emission start voltage, the 

30 luminance is approximately tripled. At L60 where 
the drive voltage rises by 60 V from the light 
emission start voltage, the luminance is approxi- 
mately doubled. 

When at % of Pb exceeds 0.3, the luminance 

35 at both the L30 and L60 lowers. When at % of Pb 
is 1.7, the luminance is lower than that of the 
conventional device. Thus, it is preferred that at % 
of Pb should be 1 or less. 

Fig. 4 is a graph showing comparison between 

40 the third embodiment and a conventional blue color 
display device for a characteristic of luminance vs. 
voltage to a sine wave at 1 kHz. The device ac- 
cording to the present invention is composed of 
SrSiCe. Pb where at % of Ce is 0.1 and at % of Pb 

45 is 0.3. The conventional device is composed of 
SrS:Ce where at % of Ce is 0.1. As shown in the 
figure, according to the blue color display thin film 
EL device of the present invention, the luminance 
at 180 V (at L30 where the drive voltage rises from 

50 the light emission start voltage of 150 V by 30 V) is 
three times higher than that of the conventional 
device. The luminance at 210 V (at L60 where the 
drive voltage rises from of the light emission start 
voltage of 150 V by 60 V) is twice higher than that 

56 of the conventional device. 

As described above, since the light emission 
layer of the present invention is composed of 
SrS:Ce, Pb, the luminance thereof strengthens by 
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twice to three times that of the conventional device 
^hich is connposed of SrS:Ce. Thus, the device 

^according to the present invention can satisfy the 
^required luminance for a dot matrix display. In 

addition, the luminance of the device can be sharp- 5 

ly proportional to the voltage. 

Industrial Utilization 

The present invention is useful for a thin film to 
EL device which can furnish stable luminance for a 
long time. When the device according to the 
present invention as a blue color display thin film 
EL device is used for a dot matrix display, lu- 
minance of at least 20 to 30 cd/m^ can be ob- 75 
tained. 

Claims 

1. A thin film EL device, comprising: 20 

a pair of opposed electrodes; and 

a laminate composed of a light emission 
layer and an insulation layer, 

wherein said light emission layer is com- 
posed of a sulfide of an alkaline earth metal as 25 
a basic material, and 

wherein at least said insulation layer dis- 
posed adjacent to said light emission layer is 
either said sulfide or a carbonate of said al- 
kaline earth metal. 30 

2. The thin film EL device as set forth in claim 1, 
further comprising: 

a second insulation layer composed of for 
example TasOs.SiON, or SiN:H, said second 35 
insulation layer being disposed between each 
of said electrodes and said insulation layer. 

3. A thin film EL device, comprising: 

a pair of opposed electrodes; and 40 
a laminate composed of a light emission 
layer and an insulation layer, 

wherein said light emission layer is com- 
posed of SrS as a light emission substance, 
Ce as a light emission substance, and Pb as a 45 
coactivator being doped. 

4. The thin film EL device as set forth in claim 3, 

wherein the added amount of Pb as said 
coactivator is 1 at % or less. 50 
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FIG. I 




FIG. 2 



EP 0 555 470 A1 




FIG. 4 
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